Preparation and characterization of poly (methyl methacrylate) / 50% epoxidised natural rubber based solid electrolytes for lithium-ion secondary battery by Abdul Latif, Famiza
PREPARATION AND CHARACTERIZATION OF POLY (METHYL 
METHACRYLATE) / 50% EPOXIDISED NATURAL RUBBER BASED SOLID 


















 A thesis submitted in fulfilment of the  
         requirements for the award of the degree of  









Faculty of Science  


























































 In preparing this thesis, I was in contact with many people, researchers, 
academicians and librarians. They have contributed towards my understanding and 
thoughts. First and foremost, I wish to extend my deepest gratitude and profound 
appreciation to my main thesis supervisor, Associate Professor Dr Madzlan Aziz from 
the Chemistry Department, Faculty of Science, Universiti Teknologi Malaysia for his 
invaluable supervision.  I am also very thankful to my co-supervisor, Encik Nasir Katun 
for his guidance and assistance. 
 
 A note of thanks also goes to Encik Hanan, En Fuad, Encik Azmi, Encik Rahim, 
Encik Hamzah, Pn Ambiga (UNIPEM) and all the laboratory staff for their assistance in 
the course of my work. A special note of gratitude also goes to Dr Wan Azlina for her 
invaluable advice and support.  
 
 Special thanks for Dr Muhd Zu Azhan Yahya and the Solid-State Group of 
UiTM Shah Alam for allowing me to use the facilities in the SSID lab at my 
convenience. Further thanks also go to En Hussien, En Omar and En Ayob from the 
Faculty of Mechanical Engineering, UiTM Shah Alam for the all the help and time spent.  
 
To all my fellow postgraduate students, Chee, Zatur, Ita and Huda, thanks for the 
support. My sincere appreciation also extends to my UiTM colleagues who had 
supported me.  
 
 Further thanks to MOSTE and Universiti Teknologi Mara for awarding me 
scholarship and study leave to undertake this work. 
 
 Last and not least, special thanks to my husband and families who have in more 









This research focused on the development of new thin film electrolytes based 
on Poly(methyl methacrylate)(PMMA) / 50% epoxidised natural rubber (ENR 50) 
blend by solvent casting method. Lithium nitrate (LiNO3), lithium triflate (LiCF3SO3) 
and lithium imides (LiN(CF3SO2) 2) salts were used as the doping material to provide 
lithium ion for the ionic conduction. Dimethyl carbonate (DMC), ethylene carbonate 
(EC) and propylene carbonate (PC) plasticizers were used to improve the physical 
properties and the morphology of the films. Freestanding films were obtained when 
PMMA was blended with 10% and 20% of ENR 50. Above these compositions, the 
films became brittle and bonded strongly to the glass substrate. The blend films were 
not homogeneous in which the phase separation can be observed in their FESEM 
micrographs even in the presence of plasticizers. Though the films were not 
homogeneous, the brittle properties of PMMA film have been improved. The DSC 
thermograms of these films further confirmed the in-homogeneity of the blends by 
exhibiting two glass transition temperatures, Tg. The infra red (IR) spectra 
established the PMMA-ENR 50 interactions and the polymer-salt complexation. 
Doped PMMA / ENR 50 films with LiNO3 salt were observed to be unstable where 
by the films obtained became damp and opaque when exposed to the ambient 
environment. It was observed that the best salt for this PMMA / ENR 50 blend was 
LiCF3SO3 in which the highest conductivity of 10-5 S/cm at room temperature were 
obtained. On the other hand, PMMA / ENR 50 / LiN(CF3SO2) 2 electrolyte exhibited 
the lowest ionic conductivity of 10-7 S/cm at room temperature.  The effect of 
plasticizers differs from one electrolyte system to another.  The ionic conduction 
behaviour in the electrolyte systems depends on the salt and the plasticizers used.  
The transference number and the modulus formalism showed that the PMMA / ENR 
50 blend based electrolytes were ionic conductor. The equivalent circuit for the 
highest conducting film from each plasticized or non-plasticized electrolyte system 
was determined using Autolab software.  Films with 10-5 S/cm at room temperature 
were fabricated into LiNiCoO2/ polymer electrolyte / mesocarbon microbeads 
(MCMB) cell.  It was observed that these cells exhibit poor charge-discharge 













Kajian ini memfokuskan kepada penyediaan filem baru elektrolit polimer 
berasaskan campuran poli(metil metakrilat) (PMMA) / 50% getah terepoksida (ENR 
50) dengan kaedah “solvent casting”.  Garam litium nitrat (LiNO3),  litium triflat 
(LiCF3SO3) dan litium imida (LiN(CF3SO2) 2) telah digunakan sebagai dopan dalam 
penyediaan elektrolit polimer berasaskan PMMA / ENR 50.  Dimetil karbonat, 
(DMC)  etilena karbonat, (EC)  dan propilena karbonat (PC) telah digunakan sebagai 
bahan pemplastik untuk membantu memperbaiki morfologi filem elektrolit. Filem 
elektrolit polimer ini telah berjaya dihasilkan apabila 10% dan 20% ENR 50 
ditambah ke dalam campuran.  Filem menjadi semakin rapuh dan sukar dipisahkan 
daripada acuan apabila komposisi ENR 50 dalam campuran melebihi 20%.  Kesemua 
filem berasaskan PMMA/ ENR 50 ini adalah tidak homogen yang mana pemisahan 
fasa dapat dilihat dengan jelas pada permukaan filem. Malahan, ianya telah dapat 
dibuktikan melalui analisis permukaan menggunakan mikroskop pengimbasan 
elektron, FESEM. Walau bagaimanapun, penyediaan elektrolit berasaskan campuran 
ini diteruskan kerana kerapuhan filem PMMA telah dapat diperbaiki. Analisis 
pengimbas kalorimetri, DSC pula telah  menunjukkan kehadiran dua suhu peralihan 
kaca, Tg. Daripada analisis spektrum infra merah (IR), didapati telah terbentuknya 
interaksi antara kedua-dua  polimer dan pembentukan  kompleks antara polimer dan 
garam. Dopan LiNO3 memberikan filem yang paling tidak stabil yang mana filem 
menjadi lembab dan  bertukar opak apabila didedahkan kepada sekitaran. Garam 
LiCF3SO3 telah menunjukkan konduktiviti filem terbaik dengan nilai 10-5 S/cm pada 
suhu bilik manakala filem PMMA / ENR 50 / LiN(CF3SO2) 2 pula menunjukkan nilai 
yang sangat rendah dengan konduktiviti tertinggi yang dapat dicapai hanyalah 10-7 
S/cm. Kehadiran bahan pemplastik telah menunjukkan kesan yang berbeza-beza 
antara satu sistem elektrolit dengan sistem elektrolit yang lain. Modul pergerakan ion 
di dalam campuran polimer ini juga bergantung kepada garam dan bahan pemplastik 
yang digunakan. Daripada penentuan nombor angkutan dan analisis modulus 
didapati elektrolit polimer ini adalah konduktor ionik. Kesepadanan litar bagi 
kesemua sistem dengan kekonduksian ionik tertinggi telah ditentukan dengan 
menggunakan perisian Autolab.  Filem dengan kekonduksian minima 10-5 S/cm telah 
digunakan sebagai elektrolit bateri sekunder dalam  sel LiNiCoO2 / elektrolit polimer 
/ “mesocarbon microbeads” (MCMB). Didapati sel ini telah menunjukkan sedikit 
kelemahan dalam prestasi cas-discasnya dan masih boleh diperbaiki.  
